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introduction. 

Dni’ino* the .summer of 1902 the writer, u.s.sisted ]\Ir. Walter 
Granger, spent some weeks in the Bridger basin in southwestern 
Wyoming, with the object of dcTermining faunal levels in the Bridger 
formation. This work was undertaken under the auspices of the H. S. 
Geological Survey and under direction of Prof. II. F. Osborn, palae- 
ontologist of the Survey. Although collecting was not the principal 
object of the expedition, a number of fo.ssils were secured, among which 
the most important was the hnely preserved and nearl}^ complete skele- 
ton of Su}ojHt.^ found by ]\lr. Granger. The specimen was extracted 
from the matrix by ]\Ir. Charles Christman and very skillfully pre- 
pared for mounting by Mr. Albert Thomson, both of the American 
Museum of Natural Histoiy. I owe the privilege of descriliing this 
rare specimen, which is one of the most perfect fossil skeletons ever 
discovered in an Eocene formation, to the courtesy of Dr. G. P. 
Merrill, Head Curator of Geology of the National Museum, and of iiy 
honored teacher and friend, Professor O.sborn. 

The genus Sinoj^a was the first carnivore to be described from the 
Eocene of this continent. It is the most abundant and characteristic 
creodont in the Bridger formation and is represented by a number of 
well-detined species in the Lower and Middle Eocene of North America. 
It has also been found in the Egerkingen beds of Switzerland, probabh^ 
Middle Eocene, along with the related genus Proviverra. It is not 
known to occur in any Upper Eocene beds either in Europe or America, 
but in the Pho.sphorites of France, of approximately Lower Oligocene 
age, the closely allied genus Cynohya^nodon is quite common. 
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LIST OF SPECIES OF SINOPA AND ALLIED GENERA. 

[The mimc.s niid dates are those of the original description. Indeterminate species are placed in 

brackets,] 

1802. Prorirerm hjpu'a Kutimeyer. Egerkingen beds, S\yitzerland. 

June 21, 1871. [ Tr/ttecK/ow /o //ox ^larsh.] Bridger formation, Wyoming. 

July 11, 1871. Siiwpa rupax Leidy. Bridger formation, Wyoming. 

July 29, 1872. [Trlacodon aculeidns Cope.'] Bridger formation, Wyoming. 

Aug. 8, 1872. Stu polophus pumjens CopQ. Bridger formation, Wyoming. 

Aug. 7,1872. L///mon/o» is Marsh. Bridger formation, Wyoming. 

Aug. 7, 1872. Stiipolophus hrevlcalcamiui^ Cope. Bridger formation, AVvoming. 

Aug. 7, 1872. [Stj/polopjius hisectivorus Cope.] Bridger formation, AVyoming. 

Aug. 7,1872. [Triacodon (/rancUs Bridger formation, Wyoming. 

Aug. 7,1872. ITriacodori nanus 'Marsh.'] Bridger formation, AVyoming. 

1873. Cynolujxnodon caylux} Filhol. Phosphorites, France. 

1873. Cynohyxnodon minor Filhol. Phosphorites, France. 

1874. Protoiomus vlverrinus Cope. AVasatch formation. New Alexico. 

1875. Proiotomus secundarius Cope. AA^asatch formation. New Alexico. 

1875. Prototom us midticuspis Cope, AVasatoh formation, New Alexico. 

1875. Proiotomus strenuus Cope. AVasatch formation, New Alexico. 

1877. Stypolophus hians Co[)e. AVasatch formation, New Alexico. 

1882. Stypolophus whit iiv Cope. AA^ind River formation, AVyoming. 

1892. [Proviverra americana Scott.] Bridger formation, Wyoming. 

1901. Sinojxi opisthotoma Alatthew. AVasatch formation, AVyoming. 

1902. Sinopa major AVortman. Bridger formation, AVyoming. 

1902. Sinopa minor AVortman. Bridger formation,* AVyoming. 

Sinopa yranyeri infra. Bridger formation, Wyoming. 

HISTORY AND NOMENCLATURE. 

Proviverm Rutiaicyer, t}^pe 1\ tupicn^ was the first o-emis described. 
It was based upon the anterior part of a skull in fairly good preserva- 
tion. The additional material referred to this genus is very incom- 
plete and its identification doubtful. 

Sinopa Leid}% type S. rapax^ Avas based upon an incomplete lower 
jaw. The first mention of the genus includes about a half a page of 
description and the t}"pe Avas figured two years later. Tliis specimen 
has since been mislaid, but Leidy's excellent figures enable us to 
identify more complete specimens in the American Museum collec- 
tions and diflerentiatc the genus from Prorlverra. The skeleton 
described in tliis article represents a new species of Sinopa, S, (pis- 
thotoma ]\Iatthew also belongs here but is subgencrically distinct. 

Tviacodon ]\Iarslb type T, fallax\ described shortly before Sinopa,^ 
Avas founded upon the trigonid of a lower molar which ma}" belong to 
Sinopa, Uintanjon,, Limnocyon , or some other creodont or carnivore. 
It is (|uite indeterminate. Three other species liaA^e been referred to 
the same genus and are equally indeterminate. 

Stypolophux fvpe S, j^amjenx, A\"as based upon a part of the 

loAver jaAV of a species closeh’ allied to Sinopa rapau\ of Avbich the 
genus is a synonym. 

Prototonnis Cope, type P, riiu nrinus, Avas based upon a palate and 
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fnigiiieuts of the skeleton in ))iicl preser\ ation and was snhseiinently 
referred by its describer to Sti/j)oloj)/ius { — Smo/xf). 

Ct/no/ifj^?iodo)i Filhol is nearly allied to Sinopa and Pmviverra^ 
but may be held as generically distinct from either. The type is a 
finely preserved skull, and other excellent material illustrates the genus. 

The definitions will be as follows: 

Family Hyienodontidio. Carnast^ial teeth, M -|. 

I. JM absent, protocoiies and metaeonids absent Ilyxnodon 

II. ]\1 - transverse. 

A. Cusps massive, i)rotocones and metaeonids redueed, carnassials large, anterior 

molars small, transverse molar small Pterodon 

B. Cusps sharp, protocones and metaeonids well developed, transverse molar 
larger. Molars of more equal size, with Inroad external cingula. 

1. Paracone and metaeone connate on jM metacone vestigial on M 

a. No metaconid on P ‘ Provherm 

h. Metaconid on P ^ well developed; premolars long 

drltemnodon, nvw genus, 
c. Metaconid on P ^ well developed; premolars high Cunohyirnodon 

2. Paracone and metacone well separated on M metacone well de- 
veloped on Sinopa 

These genera show the dilferent stages in the development of the 
highly specialized flesh-cutting teeth of llya^nodon from the compara- 
tively primitive opossum-like teeth of Sinojxi, Arranged according 
to cusp development, they stand thus: 

Ihjc^nodo')} 



Pterodon 




(cf.) DiltidherhuH 



! This is in partial but not complete correspondence with their known 
i geological occurrence, as follows: 



Eocene. ' Oligocene. 



Name. 


Basal. ^ 


Lower. 


Middle. ! 


upper. Lower. Middle. 


1 

Ihjpcnocio'ii 






XXX 


Pterodon 








X X 


fU)uthy.Tnodon 










Ti'itemnodnn , , . *.. . 
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Provivprrn 
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The ^•cniis Shiopa has l)een held to include Stypolophnn and Pvoto- 
tomni^ of Cope, and until lately Limnocyon Marsh/^ Wortman in 1902 
showed that the t}^pe species of Limnocyon belongs to a distinct group 
of the Creodonta, but referred Z. ayi/is to Sinopa and described 

the skull and parts of the skeleton from two finely preserved specimens. 
The more complete material of S. mp((,c iu the American ]\lu.seum 
collections, and the complete skeleton here described, show such con- 
siderable difterences from A. ayi/is that it seems necessary to sc])arate 
them generically, splitting up the genus Sinopcf into two closely allied 
genera, each represented by a number of species in both Middle and 
Lower Eocene. The generic distinctions are clear enough in the Middle 
Eocene, but in the Lower Eocene the species are not clearly separable, 
and most of them show various combinations of the characters of the 
two groups. Sinopa rapa.c Leidy is the type of the lirst, and 7'ritem- 
nodon {Limnocyon) ay His Marsh will stand as type of the second group. 
Sec figs. 1 and 2. 

DESCRIPTION OF THE SKELETON. 



The entire skeleton is preserved except one fore and one hind foot 
and the distal half of the tail, of which onl}^ a few fragments remain. 
Most of it is in remarkably fine preservation. As found in the rock, 
the greater part of the vertebral column, pelvis, and most of the limbs 
were articulated together; the skull and jaws and some liml) or foot 
bones were scattered; and several anterior dorsals and cervi(‘als and 
most of the ribs were scattered and more or less broken up and dam- 
aged. The bones were very little crushed, and the articulations of 
the vertebne so perfect that the sequence of those found out of place 
could be accurateh’^ determined. 

The skeleton compares foi* size and proportions with the civet. The 
skull is elongate and rather large. The limbs are small and moderately 
slender, the lu'ck of moderate length, the trunk long and slim, the tail 
extremely long and powerful. The vertel>ral formula is C 7, D 13, 
L7, S3, C ^ 29. The fore and hind feet are five-toed, the digits rather 
slender, not spreading, except the first, which is somewhat divergent 
but not reduced in length. The scaphoid lunar and centrale are 
separate. 

DKXTITIOX, DEFIXITION, AND SPECIFIC DISTIXCTIOXS. 

SINOPA GRANGERI, new species. 

Somewhat larger and more robust than rapa.t\ with more massive 
tc(‘th and a diastema behind 1%. Skull about equal in size to Tio'tcm- 
nodon agilis, but shorter, eonsiderabl v deeper in the facial I’cgion, with 
higher sagittal crest and deeper jaw. Premolars less compressed. 



Cope, Scott 1892, JMattliew 1901, 
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Fig. 1.— Upper teeth of species of Sinopa and Tritemnodon, nat. size, crown views. From 

THE SAME INDIVIDUALS AS THE LOWER TEETH SHOW IN FiG. 2. 

a, Sinopa rapax Leidy, Am. Mus. Coll., No, 11536. b, Smopa grangeri, new species. Type. Cat. 
No. 5341, U.8.N.M. Coll, c, Sinopa major Wortman, Am. Miis. Coll., No. 11538. c/, Sinopa minor 
Wortman, Am. Mus. Coll., No. 11532, e, Tritemnodon agilis Marsh, Am. Mus. Coll., No. 11543. /, Tri- 
temnodon whitise Cope, Am. Mus. Coll., No. 4781. 
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panicoiK's and motaconots of upper molars well separated, heels of 
lower molars much laroer than in T, agllU^ metacone on M- well 
developed. Skeleton smaller \vith .shoider limb-hones. 

Teeth, (tio\ 1//, 2c) Dentition Incisors small, transverse, 

canines slender and of moderate size. Premolars trenchant, moder- 
ately eompi-essed, P^ two-rooted, but of subtriangiilar outline with 
rudimentary internal cusps. P^ three-rooted with large lunate internal 
cusp, small antero-external and larger postero-external basal cusps 
and massive conical protocoue. ]\Iolars functionally resembling those 
of the opossum, l)ut only thi’oe in number, with principal oblique and 
subordinate transverse shears, the upper ones of triangular outline, 
]x\racone and metacone of e([ual size and well separated, large lunate 
antero-internal protocone, and broad external cingular shelf, 
sui)-equal, with small paraconule and metaconule. parastyle small, meta- 
style extended into a strong shearing blade. smaller, transverse, 
metacone well developed but smaller than paraeonc, no metastyle, para- 
style extended into a short shearing blade, no metaconules. Lower 
molars of nearly equal size, but ^ly smaller than the others, the trigo- 
nids high, of triangular form, paraconid and metaconid well developed, 
sul)-equal, protoconid oveidopping both. Heels basin-shaped, as large 
as the trigonids, except on 

In fS. rapa,e (tig. 2</) the internal cusps of P^ to are more 
compressed and less broadly lunate, the principal cusp of P^ is less 
massive, the heels of the lower molars arc smaller, and there is no 
diastema behind P^. In T, agiUs (tig. Ic, 2f) the internal cusps of 
the upper teeth are smaller and much more compressed, P-^ is com- 
pi’essed and trenchant, the paracone and metacone are closely connate 
and of unequal size, metacone absent on ]ML heels of lower molars 
much smaller, metaconids greatly reduced, etc. In T \chitlie (tig, 
L/’, 2r/) tlie inner cusps of the molars are extended inward, the nieta- 
conids well developed, but otherwise it is uiuch as in T. agHis, 
The Lower Eocene species exhibit a further approach toward the true 
S'nwpa in one or another feature, but all ai’e nearer to r(tpa,e than 
to the species here described. S, major of the Pridger (fig. Ic, 2</) 
is larger and moi*e massive than grangeris with lower crowned teeth, 
broad heels to the lower molars, etc. 

SKULL, DESCRIPTION AND COMPARISONS. 

The skull is elongate in both facial and (‘I’anial regions, with narrow 
muzzle, small brain case, moderately high sagittal and occipital crests, 
shoid and rathei* slender arches, strong postorbital constriction. The 
premaxilhe are deeply excavated for the reception of the lower canines, 
the borders of the excavation very strongly mai’ked; theii* ascending 
processes are very slender and extend baekward only to a point above 
PL The nasals are slightly expanded in front, and somewhat more 
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Fk;, 2,-Lowek teeth of species of Sinopa, Tritemnodon, and Cynohy.enodon. Nat, .size 

CROWN VIEWS. 

A T'' "■ t'op"- T.vpe. Am. Mos. Coll., 

c .S^^opar/ra/isren.new species. Type. Cat. x\o. 5341 U.S.aN.M. Coll. ± Sinor>amahr\\ovi- 
man. Am. Mns. Coll., No. 11538. c, .SViiopamiHor Wortman, Am. JIus. Coll., No, n.532. / Triemimlon 
mu. Marsh, Am. Mos. Coll., No. 11.5«, Trile.nunlon Cope, Am. Mus. Coll.. Na^sY. T C^- 

hysenodon caylnxi Pilhol, Am. Mus. Coll., No. 11055. ^ 

Froc. N. M. voL xxx— 06 U 
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expanded posteriorly, but to nothing like the extent seen in the 
Mesorn^chidije or ]\Iarsupialia. The lachrymal!^ have a broad seini- 
circiilar expansion upon the face, but the foramen is completely within 
the orbit. This condition appears to be generalh" characteristic of the 
Creodonta. In true Carnivora the lachrymal has a veiy slight expanse 
on the face, the maxillaiy coming nearly or quite to the margin of the 
orbit. In the carnivorous marsupials there is some expansion of the 
lachrymal upon the face, but in this group, as in the Insectivora, the 
lachrymal foramen is more or less external to the orbit. A much 
closer approach is seen among the Ungulata, where the lachrymal has 
a veiy large facial expansion, the foramen entirelv intra-orl)ital, and 
the tubercle on the margin of the orbit. The form and extent of the 
facial part of the lachrjunal approaches that in Sinopa most nearh" 
in the primitive types — Oreodon, Daciytherium, Agriochau’us, H}u*a- 
ch^ms, etc. In the more elongate skulls of later Ungulates it becomes 
much more expanded. 

The facial expansion of the lachrymal appears to be correlated with 
the position of the orl)its, which in Shwpa^ as generally among the 
Creodonta, are farther back than in modern Carnivora. In Si)wj>a 
they lie above in Canis they are above P^-]\I^; in Viverra above 

in the opossum above In Ungulata they arc above or 

behind the molars, and the extension of the lachrymal on the face 
varies in accordance. 

The frontals are short, extending back on the top of the skull only 
to the posterior part of the temporal crests and forming no portion of 
the sagittal crest. At the sides they extend ))ut slightly farther back, 
to the postorbital constriction, which is immediately behind the ante- 
rior end of the sagittal crest. They are broad anteriorly and inflated 
above the orbits, leaving a marked depression along the median line, 
deepest in front of the sagittal crest and shallowing out as it approaches 
the posterior margin of the nasals. 

The parietals are remarkably long, extending well down on the sides 
of the skull and including the whole of the sagittal crest. 

The premaxillaries are large, with wide ascending portions and 
moderatel}" large infraorbital foramen situate above P-; the muzzle in 
front of this is compressed and deep; behind this pointtheskull expands 
rapidl}" as in Daplueniis and the Canidje generally. 

The jugal is of moderate size and rather long; its anterior branch 
extends under the orbit and has a coivsidcrable contact on the face 
with the lachrymal, thus excluding the maxilla from any near approach 
to the orbit; the inferior branch is short, the posterior branch extends 
backward beneath the zygomatic process of the sciuamosal nearly to 
the glenoid fossa, ending in a slender splint, as among the Carnivora 
generally. In the opossum its posterior end is thickened and forms a 
considerable part of the anterior side of the glenoid fossa, while a 
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short process also extends backward alcove the zj^gomatic process of 
the squamosal. 

The brain case is larger than in the opossum, but as in that animal 
the cerebral lobes were entirely contained within the parietals above, 
the frontals surrounding the olfactory lobes only. The elongate 
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cranial portion of the skull causes the arrangement of the cerebellai* 
lobes to be entirely different from that of the opossum or of the 
insectivora. corresponding more with that in the Oligocene Carnivora. 
The cerebral lobes, however, are much smaller than in any of these. 
The basicranial region is long, a featiu*e eminently characteristic of 
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the Carnivora, and distinguishing’ them sharply from either marsupials I 
or insectivores. In practically all modern carnivora the arrangement j- 
of the basicranial bones and foramina is obscured or modified b}" the ' i 
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d(‘velopment of tympanic bulhe. In Si)iop<( the bnlla^are absent, giv-j,’ 
ing a singnlaily primitive appearance to this part; thev were either 
not ossified at all or were loosely attached to the skull. The bulla‘ are 
not developed in marsupials nor in most Insectivora, but in both these 
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groups nre frecpienth^ present false bullae formed by processes of the 
alisphenoid, partially replacing* the true tympanic bulla. No sign of 







Pig. 5.— Sinopa grangeri, inferior view of skull, nat. size. a. c., alisphenoid canal; a. r.f,, 

SUPPOSED ANTERIOR CONDYLOID FORAMEN; ttS, ALISPHENOID {THE DOTTED LINE IS NOT CARRIED 
FAR ENOUGH): bo, BASIOCCIPITAL; 6s., BASISPHENOID; C, CANINE; C./., CONDYLOID FORAMEN; /./. p., 
FORAMEN LACERUM POSTERIUS. /. O,, FORAMEN OVALE; i 1, 2, 5, INCISORS; i. 0. /., INFRA-ORBITAL 
FORAMEN; jU, JUGAL; m 1, 2, 3, TRUE MOLARS; Mj), MASTOID PROCESS OF THE PERIOTIC; m.l\ MAXILLA; 

OS, orbitosphenoid; p 1,2, 3, 4, premolars; pal, palatine; par.p., parocthpital process of the 

EXOCCIPITAL BONE; pet, PETROSAL PRO.MINENCE OF THE PERIOTIC BONE; p. (J. /., POSTGLENOID 

foramen; pmx, premaxilla; sq, squamosal. 

these processes is seen in Sinopa^ and there is little or nothing in this 
important region of the skull to indicate either marsupial or insec- 
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tivoro On the other hand, if we compare it with the Olii^o- 

eene do^‘ Difpluvuu}^^ in which only the .smaller or true tympanic 
ehamlier of the skull was ossitied, and this so loo.sely attached to the 
skull that it is rarely preserved, we lind a very close correspondence 
indicative of real relationship, while the numerous and important 
])oints of dill'erencc from Inseidivora and especially from marsupials 
indicati' ji remote origin of the divergence from these groups. 

The l>asio(‘cipital is long and broad. The broad flattened })aroccipital 
processes arise considerably^ in advaiu‘e of the condyles and project 
backward to a short ])oint. Jn J)iq)hanuf< the basioccipital is even 
longer; the ])aroccipitals have the same position and form, but curve 
viownward at the tips. In l)id(lj>hys they ai’ise almost opposite the 
condyles and project straight downward. In Oijnodietla they project 
])ackward and are otherwise similar. In modern carnivora the tips 
usually extend farther downward and are soldered to the bulla. In 
ludnaeeus and Oentetefi they have the more posterior position and 
project downward in the former, outward and backward in the latter. 
The condyloid foramen is situate considerably in advance of the con- 
dyh^s, as in carnivora generally. In marsupials and Insectivora it is 
close under the projecting border of the condyle, and in the former 
has an accessory foramen, also entering backward, close in front of it. 
In front of the condyloid foramen in Sinojut is a well-marked foramen 
entering forward, which ^Vortmal\ homologizes with the accessory 
condyloid foramen of marsupials in spite of its opposite direction and 
(piite didei'cnt position in the bone. It appears to me much more 
probable that this foramen transmits one of the nei ves or arteries 
which in later Carnivora pass through the jugular foramen (./hr. I(u\ 
with which it correspoi\ds in direction and from which it is not 
far removed. Indeed, in Daj)ltanuf<^ the condyloid foramen is a little 
farther forward and on the posterior border of the posterior lacerate 
fonnnen is a notch entirely corres})onding to the remains of this aci*es- 
sory foramen, if, as I suppose, it has become fused witli the lacerate. 
A similar notch is seen in where the backward disjilace- 

ment of the glenoid fossjc has crowded the parts behind them toward 
the condyle. The hasisphenoid is not pierced by the carotid canal —an 
important distinction, as Wortman observes, from the marsupials; 
and h(' believes from indieations seen on his specimen, but which I am 
unable to corroborate from this one, that its course was similar to that 
in true Carnivora, entering finally at the median lacerate foramen. 
The petrosal prominence is pear-shaped, the small end antero-internal; 
near the ])osterior end is the fenestra rotunda, exterior and a little in 
front of it the fenestra ovalis, and on the antero-exterior slope of the 
prominence a smaller foramen which I do not recognize. Outside of 
the petrosal prominence is a long, deep fossa hounded anteriorly hy 
the alisphenoid, externally by the glenoid portion of the stpiamosal, 
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posteriorly the mastoid portion of the p(*rioti(‘. At the bottom of 
this fossa lie the st3domastoid foi'amen and another foramen or deep 
fossa which I do not recognize. Behind the prominence lies the large 
oval posterior lacerate (jugular) foramen. The mastoid processes are 
of moderate size, short and stout, and extend, wing-like, outwaixl and 
pai'tl\^ downward; posteriorly the}^ are confluent with the bases of the 
paro(‘cipitals. The postglenoid })rocesses resembl(‘ the corresponding 
parts in ])a}>h(('nH^\ the postglenoid foramen is of moderate size. 
Tin*, foramen ovale is rather large and is situate opposite the glenoid 
fossa, as in Carnivora; in Insectivora, and especially in marsupials, it is 
considerably in advance of it. T 1 k‘ alisphenoid extends some distance 
liehind the foramen ovale, wedged in between the basisphenoid and 
the glenoid portion of the squamosal, but it has no dependent pi-ocess 
such as is seen in marsupials, and is especially developed in certain 
Insectivora. The posterior nares are not roofed over behind the 
molars, but the nareal canal is deep and ]>road, the pterygoid portions 
of tln^ palatine and alis])henoid forming large d(q:>endent plates, as in 
Carnivora. The pteiygoids proper are not preserved on this speci- 
men. The pterygoid plates of the alisphenoid are variably developed 
in Insectivora, very slightly so in marsupials. 

The palate is completely ossified. A number of minute ( I nutritive) 
foramina on its surface are thought bv Wortman to be an approach to 
the incom])letel 3 " ossified palate of certain modern marsupials and 
some iirsectivores, but of this there seems to be no sufticicnt evidence. 
The posterior border of the palate is somewhat thickened, as in 
CenteUs and ILjogahA has little resemblance to the posterioi* 
expansion and strong transverse crest seen in lArwnceus, and TJidel2>hifi<. 

The occiput presents a veiy difterent appearance from that of the 
modern Canida^ and differs in much more essential lespects from that 
of marsupials or Insectivora. The principal differences from the 
model’ll carnivore skull are apparenth^ dependent upon the small 
development of the brain. The Oligocene Carnivora, and especiallv 
Daphxmm^ approach it much more closely. The early Ungulata also 
exhibit a considerable resemblance, but from Insectivora and mar- 
supials it is separated 1)3^ more radical features. 

The exposure of the mastoid on the side of the skull is veiy small, 
scarce! V extending’ above the mastoid process. The occipital surface 
is mu(*h contracted above the condyles, and above that flares out into 
a broad plate formed by the expanded occipital crests. These are 
continued downward and forward in strong lambdoid crests to the 
mastoid processes. Between the lamlidoid crest and the coiuhde is a 
deep fossa bounded below b3" a strong crest connecting the outer ends 
of the condyle with the base of the paroccipital process. In Daph- 
(junus this deep fossa is largely filled up, presumably b3^ expansion of 
the cerebellum from within; in Ganis there is nothing left of it. In 
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the mastoid; in CanU it faces partly backward. In the marsupials 
and in some Irseetivora the exi)osnre is entirely posterior, the 
s(jnamosal (lambdoidal) crests continuing the occipital crest downward 
on each side and the mastoid exposure lying within them. 

The lower jaw is unusuall}^ deep, with long loose symphysis extend- 
ing ])ack to a point beneath the anterior l)orderof the thii'd j)remolar. 
In the postcu’ior ])ortion it is cpiite like the long-jawed Carnivora in 
form, presenting none of the peculiarities of angle and coronoid seen 
in Insectivora, Cliiroptera, and iNIarsupialia. The anterior and poste- 
rior mental foramina have the normal carnivore position, the former 
beneath the diastema between Pj and Po, the latter beneath P^. ln‘ 
certain Insectivora th(‘ ])osterior mental foramen is beneath My. This 
unusual character appears to be of importance in indicating rela- 
tionship. 

irifh Jlycenodon . — The dentition of ILja^nodon is very 




Fig, 0. — Evolx’tion of thk Upper Cap.nassial in (’reodonta and Carnivora. Series.!. IIy.eno- 

DONTID.K (second MOLAR, RIGHT SIDE); .C, 1 lELTATlI ERIUM; J-, SINOPA; J'*, TrITEMNODON; A\ 
1’TERODON; .!'', llY.KNODON. SERIES 7>’, CaNID.K (FOURTH PREMOIAR, RIGHT SIDE); 77*, 1*A L.KONirTls; 

7>-, Didymiutis; ip, Dapikenus; 7S, (Unis. The uarnassial of Felis, not included in this 
SERIES, is MU('I1 more LIKE THE llY.ENODON CARNASSIAL. 

[Published in advance, by courtesy of Prof. If. F. O.sborn, from his forthcoming memoir upon 



clearly derivalile fi'oin that of X'mojxi^ through Pteroclo)) and TrUem- 
no(hm^'A^ Scott and Wortman hav(' pointed out in various pulilications. 
Th(‘ accompanying ligures, drawn from models made b}’ the writer, 
illustrate these stages in the evolution of the specialized carnassial of 
Jhinniodo}}. Tho changes correspond in upper and lower teeth, and 
are exactly analogous to the develo])uient of the carnassial in the true 
Carnivora. In the upper teeth the two series begin in teeth of widely 
dill'erent form and end in viuy similar teeth, furnishing one of the 
most striking examples known of true converg(‘nt adaptation, in that 
it results in tlie production of similar form from originally dissimilar 
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tvj>es, us distinguished from the fur moi’o common instances of purullel 
uduptution. 

As has ulreud}" l)een intimated, the geological occuri-ence of the 
known species forbids their being considered as in direct genetic 
sequence; but the genera may be properly so regarded (except Delta- 
and the features of skull and skeleton entirely accoi-d with 
the teeth in indicating a direct genetic sequence of th(‘ genera. 

The species of Ilyienodov ditfer very consideral)ly in certain adapt- 
ive features of the base of the skull, dependent upon the pushing 
backward of the glenoid articulation to a position almost oj)])osite the 
occipital condyles. In all of them, and in Pt( rodoa as well, the basi- 
occipital is somewhat shorter than in Slnopa and the ]>etrosal promi- 
nence of irregularlv round(‘d form, situate at the bottom of a deej) pit. 
The posterior nares are roofed over to a varying extent by union of 
the pterygoid plates of the palatines and alisphenoids. The tympanic 
bulla is ossified to a varving degree. The fossa between the condyles 
and lambdoidal crests is tilled up as in Daplii^aiu<. The liml)s show a 
inoi’e or less cursorial adaptation. These features are developed to 
the greatest extent in the large American species IL horr idles; the 
Phiropean IL hrachyrhipudim is the most primitive (except that the 
bulla is completely ossified according to Filhors statement). A skel- 
eton from Colorado referred to IL evaenta^ shows a mere ring of ossi- 
fication of the tympanic, while in other species the bulla was complete 
but small (according to Scott). //. pauelden^ is the most primitive of 
the American species. 

Pterodon is much like llysevodoa in the features of the base of the 
skull, but has the united mastoid and paroccipital processes extended 
into bi’oad wing-like ‘yjugulai* apophyses" (Filhol), while in Ilyanio- 
don they are less developed than in Slnopa. The fossa behind the 
lambdoids is deep, the post-narcal gutter narrowed anteriorly but not 
'^oofed over, and in other respects the skull is very primitive, l)ut 
resembles the primitive species of /[yienodon and differs from SinojHt 
in the details of form of the bones and pi’ocesses. 

Tritemnodon is veiy close to ^inopxi in all the details of skull and 
skeleton structure, as may be seen by comparison of the figures and 
description of T, agili-s given by Wortman. 

Cynohyce.nodon is near to Sinopa and Tritemnodon^ but has a shorter 
basicranial region and larger brain case. It appears from Filhol’s 
figures of Q, cayhud to show various other distinctions from these 
genera in the form of the otic region and arrangement of the foramina, 
as well as in the shorter, higher crowns of the premolars, all placing it 
more directly in the ancestral line of llyrenodon and Pterodon. 
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VERTEBRAL COLUMN, DESCRIPTION AND C05IPARIS0NS. 




Plfj. 7 —SINOPA r.RANGERI, ATLAS VIEWED FROM 
A HOVE, NAT. SIZE. N./. FORAMEN FOR EXIT OF 

1st spinal nerve. 




Oerricnl rertchrH\— The utlas is short with wide transverse processes, 

wliich are well expanded anteriorly, 
blit not extended posteriorly as 
much as in most modern carnivora. 
The posterior o])ening of the ver- 
tel)rarterial canal faces ))a(*kward 
on the posterior mar^‘in of the 
trail verse process, as in all carniv- 
ora except the Miocein‘ and later 
dogs. The remaining features are 
those usually found in Carnivora. It nearly resembles IhjwmKhm in 
proportions and form; in the cat the trans- 
verse processes have the same shape and 
position, but the body is a little longer; in 
CanU and Daphamu^ the transverse proc- 
esses extend more posteriorly; in Yn^erra 
the body is considerably longer, the trans- 
verse processes more posterior and less 
expanded. In the opossum and hedgehog 
the form of the processes is ditierent and 
the vertebral artery does not perforate the 
l)one. 

The axis is long, with high neural spine of 
the characteristic carnivore form, expanded 
into a broad plate extending forward as far 
as the ti]) of the odontoid and ending’ posteriorly in a stout backvaidl} 
directed spine. It is longer than in IhjRnodon. 
but somewhat shorter than in l)nphivn^i<, and 
shows no important distinctions from either. 

The remaining c(U‘vicals. except the seventh, 
liave short spines, transverse processes with the 
inferior lamiine expanded into liroad plates, and 
superior lamiine absent on the anterior ones, but 
moderately developed on the sixth. In theCai - 
nivora the superior lamiine are generally dis- 
tinct u])on the third to sixth vertebra^, succes- 
sively increasing in size. In the opossum the 
arrangement is more as in Sinopd^ except that 
the inferior lamina^ are less expanded. In 
the upper lamiine are developed upon 
the fourth, liftli. and sixth; in upon tifth 

and sixth; in Felkhe and Viverrida^ upon all four. 
In the Machau’odonts the superior lamina is not distinct upon any but 
the sixth, but the inferior lamina is less broad and plate-like. 



Ar/./ 

Fig. 8.— Sinopa grangeri, axis ver- 
tebra, SIDE VIEW, NAT. SIZE, od, 
ODONTOID process; 21~a, posterior 
zygapophysi.s; neural spine; 

(r, TRANSVERSE PROCESS; V. O./, 
V E RT E B R A R T E R 1 A L F O R A M E N . 




pz-'h^ 



si.- 



Fig. 9.— Sinopa grangeri, 

si X T H C ER V I CAL V ERT EB R A , 
NAT. SIZE, SIDE VIEW. aSO.. 
ANTERIOR ZYGAPOPHYSIs; 
?7., INFERIOR LAMELLA OF 
the TRANSVERSE PROCESS; 
pza, POSTERIOR ZYGAPOPHY- 
SIS; .S, NEURAL SPINE. AND 
SL, SUPERIOR LAMELLA. 
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The sov(Mith coi’vical 1ms a ratla'r lon^’ spine, strono- superior lamiim, 
no int‘ci*ior lamina, and is not ])(Md‘oi*at(Ml by the V(‘r(el)rart(M’ial eaimb 
In this iin[)ortant feature, as well as in its onuieral form, it a^'rees 
with the Carnivora and insectivores, and ditt'ers from marsupials. 




PlO. 10.— SiNOP.V GRANGER r, 
HEfTONO DORSAL VERTEBRA, 
SIDE VIEW, NAT. SIZE. CIZU., 
ANTERIOR ZYGAPOPHYSLS; 
prjl., POSTERIOR ZYGAPOPHY- 
SIS; .s-,, NEURAL SPINE; tt\, 
TRANSVERSE PROCE.S8. 



The dorsal vertebi'ie nuinlxM- thirteen. The 
lii’st t(ui Imve sjiiiu’s of moderate ludolit, wider 
than in the do^‘ oi* eat, hioher than in 
but not so wi(h‘. Tluw deiu'ease in hc^iobt and 



inenaisi* in baekwai'd in- 
elination to the tenth. 
Idieir trans\(‘i‘se ])roe- 
esses are I’atluu' laroe 
and stout, eonsiderabl}^ 
expanded at tlie tips. 
The tii*st is the most ro* 
bust, the otliers of nearly 
equal size. The eleventh 
vertebra has no spine. 
Its anterior part and 
transverse processes re- 
semble the anterior dor- 
sals. Its posterior part 
resembles the dorsals and 




Fig. 11.— Sinopa gran(;eri, 

KIGHTH DORSAL VERTEBRA, 
SIDE VIEW, NAT. SIZE. UZU., 
ANTERIOR ZY(;APUPH YSIS; 

pza., posterior zygapopiiy- 
sis; .S NEURAL spine; /r., 
T R A N S E P, S E P K OU I';SS . 



lumbars behind it. The twelfth and thirteenth ari' like the luinbars 



and have sliort flat spines directed forward. 

Tile lumbars are of laro*e size; the centra lono*, {‘xcept the seventh; 
the s[)ines hio-h and broad; the transverse' pi'oeesses lono* and dii*eeted 

forward, but not 
pophyse's are 
laro’i' and strong*- 
ly convex, but 
not re volute. 

This type of luni- 
Imr characterizes 
all Creodonts 
(excej)t that in 
PiUrioftlls the 

Fig. 12,— Sinopa grangeri, si.vtii lumbar Jniubar ZVt»‘ai)0- 

VERTEBRA, Sll>E VIEW, NAT. SIZE, AN- ' ^ 

TERIOR ZYGAPOPII YSLS; pZ(t, PO.STERlOR phySOS ai'C I’CVO- 
ZYG apophysis; .V, NEURAL SPINE; tl\ TRANS- q 

VERSE PROCESS. ^ ^ 

modern Carniv- 
ora it is retained to the greatest degree among the Viveri’idie. 

The sacrum is eoinjioscd of thri'C vertebrie and is long and unusually 
large, especially the anterior sacral; the rib massive, expanded at its 
contact with the ilium. The postei’ior sacrals are not so large nor 




cui'ved. The zyga- 




Fig. 13.— Sinopa grangeri^ 

SECOND caudal VERTE- 
BRA, SIDE VIEW, NAT. SIZE. 
(OI, ANTERIOR ZYGAPO- 
PEIYSIS; pZd, POSTERKtR 

ZYG apophysis; h, neural 
spine; t)\, TRANSVERSE 
PROCESS. 
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Fl<;. 11. — .^INUPA GR,\NCiERI. SEV- 
ENTH AM* SIXTEENTH ( AUDAL 
VERTEBRAE, SII*K VIEWS. NAT. 
SIZE. azil, ANTERIOR ZYGAP(»- 
PHYSES; pza, POSTERIOR ZViJAPO- 
PHYSF>; TRANSVERSE PRO- 

CESS. 



tlioir tmnsverso plates so wide. The second sacral takes a minor ]xirt 
in the iliac articulation by means of the forward end of its transverse 
process. 

The eaiidals are preserved in series as far back as the seventeenth. 
The lirst four have laro'o. stron^^ly convex zyg^apophyses like those of 

the lumbars, long, stout transverse processes, 
and rather short bodies. The fifth and sixth 
show the change to' the middle caudal region, 
in which the zygapophyses are simplified, the 
arches reduced, the centra increased in length 
and diminished in width, the transverse pro- 
cesses shortened and expanded antero-poste- 
riorly into flat plates as long as the centra, 
and decreasing in width on each successive 
vertebra until on the seventeenth they are 
reduced to ridges on the sides of the centra. 
The neural aridies are complete as far back 
as the thirteenth vertebra. 

Comparison.^ with lli/crnodon.— In the 
characters of the vertebral column Si/iopa 
is nearer to D<fj>/ta)u(s and CynodiettH than 
to Jljiirnodon or Patriofclis, It agrees with 
the two former in the large long lumbars. the general character of 
the spines and transverse proces.ses of most of the vertebrae, propor- 
tions of sacrum, proximal caudal spines, etc. 

Ihjamodon difl'ers in the superioi’ and inferior lamime of the trans- 
verse processes, distinct on cervicals the lumbars smaller and 

shorter, their spines broadiu* but not so iiigh, their transverse processes 
mii(‘h shorter, the sacrum much >maller. the tail much shorter, and 
lateral plates of middle caudals not promiiient. All these features 
are probably due to adaptation to running, and are exactly paraded 
in the distinctions between the modern Canidie and Dap/atnas or 
( ^ynmlietir. 

Pidriofi'lis has shorter cervicals than Sinop<i^ lumbars large but short, 
their zygapophyses rerididt. spim^s broader and widei' tit top, trans- 
verse processi's short tind stout. The saerum is not so bi'oad anterioi'ly. 
the caudals are massive, but not so long: the tinterior om*s have 
extremely broad, massive, transverse processes, while in the middle 
caudals the transverse lamellte are reduced to short, stout anterior and 
posterior proces.ses. The neural tireh continues only to the ninth 
vertebra, a remarkable feature considering the length and power of 
the tail. 

O.ryirna is proportioned much more like Sinojxi. with similar type 
of dor.sals. long and large lumbai's. etc., but the skeleton is not com- 
plete enough to compare exactly. 
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IIopl()}>hone^ts lias tlie transverse processes of the cervicals, including 
the atlas, greatly extended posteriorly. A distinct inferior lamina 
develops on C 5-G. The dorsals are not n nlike Sh^opn. hut the posterioi- 
ones dev(dop powerful anapophyses, which are continued into tlie luin- 
bars with decreasing strength. The lumbars are not so long, their spines 
much like those in S'mopn^ transverse processes considerably shorter. 
The sacrum is not so wide anteriorly, the spines higher. The trans- 
vei*se pi’ocesses of the two first caudals are expanded into plates, in the 
next three the}" slant backward, and are not so stout as in Slnopa; the 
transverse lamelhe of the middle caudals are much less developed. 
The neural an‘hes are continuous as far as the thirteenth caudal, but 
the middle caudals are smaller and the tail shorter. 

RIBS AND STERNOTI. 

There are thirteen ribs. They are distinguished, especially the 
anterior ones, by exceptional shortness and rather broad, flattened 
shafts. The flattening of the shaft is more uniform from end to end 
than in dogs or viverrines, in which it is restricted to the distal middle 
section of a few ribs, and the others are much rounder and somewhat 
more slender and elongate. 1 do not find any Carnivora presenting 
the rib features of Si no pa. They do not appear to be marsupial chai’- 
acters, but are seen in early ungulates and (except the length) highly 
developed in the more recent ones. 

Five sternal segments are pi-eserved. All of them are of the narrow 
elongate type usually seen in Carnivora, and show none of the flatten- 
ing observed by Wortiiian in 2[ei<ony,r and mentioned )>y him as a 
characteristic marsupial feature. It is also characteristic of most 
ungulates and of many other groups. 

APPENDICULAR SKELETON, DESCRIPTION AND CO:\IPARISONS. 

Forelimh . — The limbs are remarkably small in comparison with the 
proportions of skull and backbone. They do not exceed those of a 
large domestic cat in length, although somewhat stouter, while the 
backbone (exclusive of the tail) is one-fourth longer than in that 
animal and the skull nearly twice as long. 

The scapula is incomplete, the anterior border not being preserved 
on either side. Its general form, so far as comparison can be made, 
agrees best with Canis,^ being rather long and narrow foi’ a cai’nivore, 
and the upper border at right angles to the posterior. The spine is 
about as high as in Canis, considerably lower and less ov erhanging 
than in Feli,s or Yiverra, The acromion is much better developed 
than in apparently considerably more than in 7vZA or Tiverra. 

Its tip is broken off, but it projects considei-ably beyond the glenoid 
cavity. The coracoid process is short but very distinct, as in Fdii^ 
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jind Viverr(C in C(mi'< it is absent. The last two features are seen in 
/)kle/j)In/y, to which the scapula has otherwise little resemblance. f 
The humerus most nearly resembles that of the domestic cat, but is 
somewhat more massive throughout and a little broader at the distal 
end. The shaft is comparatively straight, the deltoid crest scarcely 
more prominent than in although extending farther down the 

shaft. The supinator ci*est is a little higher than in Feh'.^ domesiflca,^ 
the trochlea is considerably broader, and the internal condyle and 



Fm. 15 .— SINoI’A (iRANGERI, nUMERUS, ANTERIOR AND TOSTERlOR VIEWS, NAT. SIZE. {]. t., (iREATER 
Tl'KEROSlTY; (ill, OELTOID CREST: €. C.f., ENTEIMCONDYLAR F«)RAMEN; 1. LESSER TI'BERO.SITY; H.C./,, 
Sri>RA-TRO(’llLEAR VACCITY. 

entejiicondylar foramen considerably wider. There a])pears to be a 
supratrochlear foramen, but of this 1 can not be certain. Tbc shaft is 
.somewhat straighter, the deltoid crest less developed than in Canis, 
Daj>ha ))us shov s still more ciir\ atnre of the shaft: thedidtoid crest is 
higher and extends much farther down: the ti’ochlea resimibles that 
of but the internal condyle and tlu‘ supinator ridge are les.s 

developed. The opossum humerus is widely dillerent in form at the 
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distal end, the internal and external roiuh les almost eiiually developed, 
the trochlea very wide and shallow, the inferior end of the deltoid crest 
very hig^h and situate far down on the shaft. 

liadius and uhia, — The shafts of these bones are nearly straight, 
with the olecranon in line with the ulnar shaft, as in the viverrines. In 
the cats and in Da])li(jeu}is^ as also in the opossum, the shafts 
si ightl}^ convex forward; in they are 

considerably bowed. The olecranon is 
rather long, and expanded anteroposteri- 
orly, as in Dapliaaius and the vivendnes; 
in the cats it is a little shorter and })i*o- 
jects more anteriorly; in the opossum it 
projects more anteriorl}" and is much less 
expanded in an anteroposterior direction. 

The ulnar and radial shafts are about 
e(pially robust, as in Dapliwnm and the 
viverrines; the ulna is somewhat larger 
proportionate!}^ than in either, but not so 
robust as in Dldeljyhys^ and is expanded 
on the antero-internal side, next the radius, 
in a broad Hat plate, thin distally, but with 
thickened margin toward the proximal 
part. This plate lies in the position of 
the interosseous membrane, and probably 
gave a rigid attachment for strong pro- 
nator muscles. It is not present in other 
carnivora, which I have examined, nor in 
Diddphys. In Tlyxnodon it has beconie 
narrower and much thicker, forming an 
integral part of the very robust ulnar 
shaft, but it is clearly indicated by the 
broad deep groove extending down the 
anterior face of the shaft. 

The distal end of the ulna resembles that 
of lly^nodon and the viverrines, and 
allowing for the great reduction in size 
in Canh^ it resembles that genus, while 
it diHers notably from Dajduvnus and the 
<‘ats in the position of the cuneiform facet, which faces more distally 
(but not so much so as in Ilymiodon')^ and is nearly continuous with 
the radial facet, while in Daplmnm and the Felidae it faces almost 
internally and stands on the end of a stout hooked process, separated 
hy a deep groove from the radial facet. 

The head of the radius has the same oval form as in Ilymiodon^ the 
ulnar facet being comparatively flat, permitting of but a limited 




Fig. 1G. — Sinopa granger!, radius 

AND ULNA, ANTERIOR AND POSTE- 
RIOR VIEWS. NAT. SIZE. 
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decree of rotation, inuoh less tlian in Ihiplmunx or Fells^ about as in 

The eoronoid proc(\ss is less proniinont than in llij'(\^uo(hni^ , 
much less than in Fcl/s, somewhat more than in Canit^, 

The distal end of the radius likewi.^e resembles [bjivnodon and ditfers 
widely from Dapluvnn^ and the F('lida\ much less fi*om the Canidte, 
in the convex posterior surface, the slio’ht development of the styloid 
process (moderately stroiio* in the dogs, remarkably strong in T)((j>}t<e- 

nnd) and main^ details of 
form and arrangement of 
the pi'ocesses and teiidinal 
grooves. 

F()i\f(^oi , — The entire car- 
pus except the tra])ezoid , 
and trapezium, the greater 
part of tliree metacarpals, 
and most of the phalanges ^ 
ai‘e ])r('serv(Hl. The carpus 
has the usual creodont char- 
act ei*s of separate scaphoid, 
lunar, end centrale, small 
magnum, large unciform ; 
and cuneifoiiu, etc. The 
centrale is of moderate' size, 
and lies principally under ; 
tlu‘ scai^hoid. but toward the 
doi’sal surface projects con- • 
sidei'ably under the lunar 
so that its small exposure ^ 
on tlu' doi’sal face of the , 
carpus lies eeiually beneath i 
scaphoid and lunar. 

The carpus is highei- than ) 
in l/pruodffu^ but the bones I 
have the same rathei’ broad j 
square chai*acter common ► 
to llyjenodonts, Oxyamids, * 
and Mesonychids. which the write'r has elsewhere explained as par- | 
alleling the ungulates. The scaphoid is of moderate height and is 
principally supported by c('ntrale and trapezium. The lunar is sup- ^ 
|)orted about ecpially by magnum and unciform. I'lie cuneiform is 

(f Wortmiiii, ill rriticisinj^ passage, aj •pears to liave completely inisim<lerstooil , 
my words, and sup])o:^ed that by “ {)odials” J meant claws! The parallelism with . 
the ungulates does not of course involve ndationship, but is due to a similar a<lapta- * 
tion of the f(*et to nse solely in locomotion. A later and less perfect parallelism in ' 
the podials is seen in the Canidie, taking place after tlie consolidation of the scapho- 
lunar-centrale. 




FKt. 17. — SlNOCA GUANGEIU K(»KE FOOT, NAT. .slZE, DORSAL 
VIEW. (T, CENTRALE; CllU, S('AFHOll»: /</, LCNAR; UKlff, 

.MACNOi; pisiform; ccneifoum; td, trapezoid; 
tm, tkapezu m; uuc, unciform. The dorsal si*rfa('E 

OF THE MA<;NUM is REPRESENTED CONSIDERABLY T(^0 
LARGE, AND THE PROXIMAL FACET OF THE LCNAR IN- 
CORRECTl.y DEFINED .SO THAT IT APPEARS TO EXTENT* 
OVER THE WHOLE DORSAL SURFACE OF THE HONE. 
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large, both l)roiul and deep, lies mainly ])roxiinal to the unciform, 
nearly touches the lunar internally, and its ulnar facet faces chiefly 
proximal. The magnum, with very small dorsal surface, is much com- 
pressed laterally and strongly keeled on the proximal side toward the 
ventral surface. It cai ries no hook. The trapezoid is not preserved, 
})ut from the airangeinent of the adjoining bones it appears to have 
been quite small, its height mueh less than in llywfxxlon . with vei’y 
slight contact with the magnum, a small dorsal-external contact with 
the seaphoid, and principally supporting the centrale. Its (‘ontact with 
the trapezium appears to have been lateiabsuperior. The trapezium 
is not preserved, but from other specimens it is known to have been 
rather large, not as high as in and permitting a greater 

divergence and more freedom of motion of the pollex. which can 
hardly, hoAvever, be said to be even semi-opposable. 

The metacarpals are five in numbei’, all being of approximately 
equal robustness, but the laterals reduced in length, although much 
longer than in ITymiodon. The exact proportions can imt be deter- 
mined from this specimen, but apparently they were the same as in 
the man us of Tritemnodoiu The fifth digit is restored somewhat too 
long in the drawing. In Shwpa and Tr)t< m nodon ^ as in 1 fyienodot)^ 
the symmetry of the man us is pentadactyl with a tendency to tridac- 
t\dism more marked in the oligocene genus. In the true Carnivora, 
and in the IVIesoinxdiidje among Creodonts, the manus is constructed 
upon a tetradactyl symmetrv. 

The phalanges are not remarkable. The unguals are small, more 
compressed than in Hy'cenod(H}^ and fissured at the tips. 

The manus of Tritemnodon agrees in all its principal features with 
that of Shwj>a^ but differs in numerous small details of structure, the 
greater part of which are slight approximations toward the Hycenodoti 
manus. 

Jliud lunh , — The pelvis has the same proportions between pre- and 
post- acetabular regions as in IJy^nodotG about the same as in the cat. 
The superior border of the ilium is considerabl}^ expanded, a remai'k- 
Uble character which finds its nearest analogue in the Phenacodontidje, 

; although seen to a less extent in IJyxnodon and IToplojdionem. In the 
modern Carnivora it is the inferior border of the ilium (below the 
i primitive rod, and below the sacral articulation) which is expanded to 
a greater or less degree. The isehium is rather thin and slender and 
the pubis stout, as compared with modern Carnivora. 

I The femiu* is of moderate length, having about the same proi)ortions 
IS in Ily^nodon. The upper part of the shaft has a considerable 
I lateral curvature. The third trochanter is much better developed than 
'd^nodon^ and placed considerably lower down on the shaft than 
I' n I)aph(ei}i\s^ or Ifoplophonens. In modern Carnivora the third tro- 
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cliiiiit.'r is ;ii)S(Mit and the shaft nmdi straiohtor. In the Condylarthra 
it is mncli stron<fer and situate al)out the middle of the shaft, except in 
EHj,r«to,j<,n'»K in which it is hioher up. The distal end of the hone 
has a moderate lateral expansion and j-reat vertical depth, as in 
7/y,s//»</oa and the Condylarthra, the rotular trochlea narrow and eloii- 
fato, hnt not extending so far up on the anterior surface of the shaft 




KK;. Is, — S lNOJVV OUANGEP.I, FEMUR, ANTERIOR AN)> POSTERIOR VIEWS, NAT. SIZE. r/. /., GREATER 
TK«>( HANTKK: 1. L, LESSER TROUHANTEU; TII 1 RI> TROtTI AN TKP; Jt.f.l., ROTULAR TROCHLEA OR 

OROOVE FOR THE PATELLA. 



as ill 111 J*i/i rittfi i is tlu‘ tVimii* lias a inucli more massive 

.sliat’t. llie distal end is not so deep, tlie third trocliantei’ is somewhat 
similar in development, and tlu‘ curvature of the shaft about tlu‘.same. 
O.i'tfii iHt has a weaker third troidianter, thicker' shaft, and distal end 
mor(‘ like the normal C’arnivora tyt>e. 
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Tibi(f and JT hula. — The proportion of these two bones is about as 
in Hya^nodon^ the tiliular shaft less reduced than in modern carnivora, 
among which the viverrines offer the nearest approach, while Dajdianiu,^ 
is decidedly nearer. The l)ones are proportionately shorter, with less 
rounded shafts than in the moi'e modernized carnivora, e. g., Canls or 
Fells. The most marked 
peculiarity is the well- 
developed tibulo-calcanea r 
facet, which is only a little 

less extensive than in If 'i/i 

Ihj’ceiiodon. 

dfltid foot . — The pes is 
pentadactyle, and its svm- 
metry is approximately 
mesaxonic. but less ex 
actlv so than in the manus, 
the first digit being 
shorter and more slender 
than the fifth, and the 
second somewhat shorter, 
although stouter, than the 
fourth, while the third 
projects beyond either, 
and is nearly, but not 
quite, symmetrical at its 
distal end. This symme- 
try agrees entirely with 
that of Ihjcene>don and dif- 
fers radically from the par- 
axonic sy mmetry of manus 
and pes in the true Carni- 
vora and the Mesonychidie. 

In the Oxva?nkh4? the foot 
symmetry appears to be 
approximately as in the 
Hyienodon tkhv, b u t the 
foot is broader and shorter, 
especially in Patrlofells, 
and the symmetry less no- 
ticeable in consequence. 

The astragalus differs considerably from that of Ily^nodon. The 
trochlea is not nearlv so deep, the posterior tendinal groove is much 
deeper, the neck is longer, the head much broader, not nearlv so deep, 
more convex laterally. The astragalar foramen is distinct, but very 
small, and I can not be certain that it is continuous through the bone. 



l.'m • 

Fig. 19. — Sinopa grangeri. tibia and fibula, nat. size, 

ANTERIOR AND POSTERIOR VIEWS. PU, CNEMIAL CREST ON 

anterior surface of tibia: i. m., internal malleolus 
OF tibia. 
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The caleamnun has a considerably longer tul)er than in Ilya^nodon^ 
somewhat <rrooved on the superior surface of its distal end for the 
tendon of the plantaris. as in many modern carnivora. In Ily^nodon 
the ^n*oove is absent. The cuboid is longer than in Ihjii^nodon and 

has a considerable astraga- 
lar facet, which does not 
extend, however, to the 
dorsal surface. In Hifa^no- 
don this facet is .smaller 
and farther removed fi’om 
the dorsal surface of the 
bone. It seems to have 
been absent or indistinct 
in the specimens examined 
by Professor Scott. In 
the Oxyienidie and ]\Ie- 
sonychidie it is much bet- 
ter developed. In modern 
carnivora it is absent, but 
it is moderately developed 
in Daphivn hh. a 1 1 h o u g h 
lateral instead of partly 
superior, as in Creodonta. 
The cuneiform bones are 
much as in Hy^nodon^ ex- 
cept that the entocunei- 
f orm is shorter a n d 
broader, its contact with 
]\It. II less, and the distal 
facet broader and more 
oblique. It is less elon- 
gate and very much 
broader than in modern 
Carnivora, and the distal 
facet retains much moi’C 
of the primitive saddle- 
shaped curvature, thus 
permitting a greater de- 
gi'ce of opposition of the 

< rsEiFOKM Honks; war, navicular. hist digit. 

The metatarsals are 
somewhat less compressed and more slender than in Hyi^nodon ; their 
relative propoi’tions are notinl above. The head of ]\It. I is broader.' 
In other respects then* is very little difFerence. The phalanges 
resemble those of the* forefoot, except in their larger size and some- 




Kio. 20 .— Si.noi'a <;han(;eri. hind foot, nat. s^ize, dorsal 
VIEW. (LvY, ASTUAOAU S; fa/, CaLC ANEU.M; cuboid: Cj,«,3, 
war, NAVICULAR. 
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what more elongate proportions. The pes is by no means as lonor 
or compressed as in most modern Carnivora, and this, with the difter- 
ence in symmetry, involves numerous small diti'erences in construc- 
tion and arrangement of the bones. 

Tritemnodon closely resembles Shiopa in the structure of the hind 
limb, as shown by comparison of Doctor Wortman’s description of 
the parts known to him and of the more complete specimens in the 
American Museum colle(*tions. 

Comparifions of the appendicular ^^keleton . — In the characters of the 
fore and hind liml), Slnojia is in the main of the primitive creodont 
type, but shows an earlier stage of the cursorial adaptations of Ily^no- 
don, and shares with that genus a number of peculiarities probably 
characteristic of the family. The long, narrow scapula, the expanded 
ilium, the depth of the distal end of the femur, the reduction of the 
deltoid and supinator ridges of the humerus, the squaring of the 
carpus and deepening of the astragalar trochlea and head, and in 
general the elongation of the limb bones, elongation and compression 
of the feet, are all differentiations from the primitive type, carried to 
but a slight extent in Sinopa, to a considerably greater extent in 
Tlyimodon^ paralleled in all the cursorial Carnivora and in the Con- 
dylarthra, and carried to a much greater extent in the cursorial 
Ungulata. On the other hand, the retention of the coracoid process 
and long acromion of the scapula, the comparative!}" long post- 
acetabular region of the pelvis, the entepicondylar foramen on the 
humerus and the third trochanter on the femur, the stout ulna with 
its long olecranon, the unreduced fibula, the distinct centrale, the 
astragulo-cuboidal articulation, the large size of the lateral digits, and 
the moderately compressed claws, are apparently primitive creodont 
features not yet modiffed by the cursorial adaptation which had ]3egun 
to show itself in the appendicular skeleton. Some of these characters 
are still retained by IlyFcnodon ^ and they are retained to a varying 
extent by the other creodont families and by the more primitive mod- 
ern Carnivora. The mesaxonic maims and ]>es, the tibulo-calcanear 
articulation, and the liroad ffange on the radial side of the ulnar shaft, 
are apparently family characters of the Hyamodontida^ The first 
and the last characters are also seen in the Phenacodontida, and the 
relative conditions of the appendicular skeleton in Sinojia and IlycC- 
nodon are exactly paralleled by the relative conditions in Euprotogonia 
and Phenacodus. 

ANALYSIS OF THE CHARACTERS OF SKULL AND 

SKELETON. 

Primitive inaminalian features . — Skull elongate, brain-case small, 
sagittal and occipital crests strong, orbits situate above molars, hence 
lachrymal and superior process of jugal moderately expanded upon 
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tlic face. Nasals somewhat expanded posteriorly. Tympanic l)iilla3 
not ossified. Teeth 44 in number, the molars tritiiborcular above, 
tubemilo-sectorial below, the premolars trenchant. Ribs short, ster- 
num narrow, tail long and ])owerful, limbs rather short, flexible, feet 
pentadactyl, pollex and hallux divergent, centrale present, astragalus 
with shallow trochlea and round convex head; tibula little reduced, and 
ulna as stout as radius. Coracoid process on scapula. 

Primitive i'utherian — Dentition Angle of jaw not 

inflected. Sacrum of 8 vertebiw. No vertebrarterial foramen on 
seventh cervical. 

Prlmltrce carnivore fmture ^, — Incisors small, canines large, piercing. 
Parietal bones long, basicranial region long, mastoid exposure small, 
lateral. Posterior nareal canal long and deep. No false (alisphenoid) 
bulla. Dorsolumi)ar formula twenty. Lumbars very large and long, 
their zygapophvses large and very convex. Ungual phalanges bear- 
ing moderately compressed claws. A small contact between astragalus 
and cuboid. A third trochanter lather high up on shaft of femur. 

Cursorial adaptations , — Limb bones elongate. Scapula long and 
narrow. Humerus with reduced deltoid and supinator crests. Ulna 
and radius with limited amount of pronation and supination. Cai'pus 
broad, its proximal articulations transverse. Ilium expanded, distal 
end of femur deep, astragalar trochlea somewhat excavated and 
extended i)osteriorly, and head somewhat deepened. Fore and hind 
feet somewhat compressed and ap])arently digitigrade. 

Sjnclal hyienodont dtaracters . — ^Molars developing a shear by exten- 
sion of i^arastyle, especially on Isl |. Planus and pes mesaxonic. A 
fibiilo-calcanear facet. Astragalo-cuboid facet reduced. Claws fissured 
(also in Mesonychidie and Oxyaniida^). 

(iriif ric ((fill spicitic char(tct('rs , — These need not be repeated here, 
as they have been fully defined in an earlier section of this paper. 

RELATIONSHIPS OF SINOPA. 

The primitive mammalian features are predominant, as might be 
expected in a Middle Eocene animal. These features ai’e found in all 
early mammals, whether Metatherians or buitherians. Sinojia is, how- 
ever, a typical Eutherian in the dentition, in the conformation of the 
angle of the jaw. and other characters of less importance. The primi- 
tive carnivore f(‘atures are numerous and important, and amply dem- 
onstrate the pei'tinence of Sinojia to this order. The characters of 
tlu' base and back of the skull espe(‘ially distinguish it sharply from 
either niarsuj)ials or Insectivora. 'Phe cursorial adaptations in the 
limbs and feet are comparatively slight, but unmistakable. Aloiig 
with th(‘ spc'cial hyienodont characters they demonstrate the position 
of th(‘ genus as a })rimitive member of the Ilyamodontidie. It stands 
directly ancestral to Ilyicnodon in all details of its structure and shows 
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a con.siderable degree of progress from the primitive carnivore type 
toward the line which terminated in the large, highly specialized 
Hyienodons of the American oligocene. As has alread}^ been observed, 
the geological occurrence of the species of this phylogenetic line makes 
it improbable that Ilysenodon was directl}^ descended from an}- of the 
Middle Eocene species of Sinopa; it is more probably derived from 
a Lower Eocene or earlier species. Wortman has suggested S, 
thotoma as a possible ancestor, but this species does not entirely meet 
the required conditions. 

The relationship to the carnivorous marsupials appears to be a remote 
one, despite a considerable degree of superficial resemblance, due 
chiefly to the retention of the primitive mammalian characters. In 
all marsupials the angle of the lower jaw is inflected, the molars num- 
ber four, the premolars not more than three, the basicranial region is 
short and the mastoid exposure posterior and of large size, the carotid 
canal pierces the basisphenoid, the pteiygoid processes of the alisphe- 
noid and palatine are little dev^eloped, and more oi* less of a false bulla 
is formed; the dorsolumbar formula is 11), and there are numerous less 
important details of form and structure in the bones, showing that the}’’ 
are far removed from Srnojxi or from any of the Creodonta. The 
dorsolumbar formula oi according to Wortman, was 10, as in 

the marsupials, and this genus also has a broad posterior expansion of 
the nasals; but in the much more important characters of the base and 
back of the skull, as in all other features of the skeleton, it is evidently 
of true carnivore affinities, somewhat disguised by a high degree of 
specialization in certain parts. In in O.ry^na nwA. Ibf^enoclon,^ 

and prol)ably in Patrtofdts^ the only other ci'eodonts in which the 
dorsolumbar formula is known, it is twenty, as in all Carnivora, and 
these genera have all evidently descended from primitive carnivore 
ancestors, whose principal distinctions are given above. 

The Jnsectivora appear to be in many respects intermediate between 
Carnivora and mai’supials, but how far they are actually so would be 
difficult to say. It is clear that the Creodonts are not nearly related 
to any living Insectivora, but we know so little about the past history 
of the insectivore group that we can not yet say whether it is really a 
homogeneous one or an arbitrary association of unrelated types. In 
the features of the base and back of the skull they ditt'er very consid- 
erably from Carnivora and agree more or less with marsupials (the 
course of the carotid canal differs from either group). They have the 
Eutherian dental formula, a non-inflected angle of peculiar type in 
the lower jaw, etc.; these features characterize the most primitive 
and ancient known types as well as the modern ones. 

The position and relationships of the Eocene Carnivora have been 
variously estimated by the different writers who have studied and 
described their remains. The incomplete specimens tirst found in tiie 
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Old ami X(‘W Worlds wore roferrod to the true Carnivora (Fissipcdia); 
later on the o-reat French paheontologists, Gervaisand Gaudry, empha- 
sized tlm affinities of some among them to the marsupials, a view 
adopted in a broad sense by Huxley and other authorities, but dis- 
put(‘d bv hdlhol and most subsequent writers. In 1ST5 the accuiuu- 
latino- new discoveries of material enabled Cope to reconstruct, from 
various forms referred to marsupials. Carnivora, and Insectivora, the 
group of Cr*'ixhmUi. with affinities to all three orders named, but more 
nearly related to the two latter, and containing the ancestral types of 
the modern Carnivora. Schlosser, in his monumental studies upon 
the fossil primates and unguiculates of IXirope, regards the Creodonta 
as detinitively related to the true Carnivora, excluding from the group 
a number of insectivore-like types which had been included by Cope, 
lie divides them into Adaptiva and Inadaptiva, both springing from 
a common primitive creodont stem, the former approximate!}^ ances- 
tral to the true Carnivora, the latter becoming extinct. This view is 
substantially indorsed by subsecpient writers, with the exception of 
Wortman, who in his studies of Eocene Carnivora in the XIarsh collec- 
tion, a])pt‘ars inclined to lay emphasis, especial!}" in the first part of 
his paper, upon the marsupial affinities of the group. 

So far as I can understand Doctor AVortinan's position, it seems to 
b(‘ that the ereodonts and carnivores are two distinct branches, both 
derived from the Cretaceous marsupials exemplified by Dklelphops.^ 
and that the modern carnivorous marsupials, except for the inflection 
of the jaw and suppression of the second set of teeth, are little altered 
from the Cretaceous ancestors of the placental Carnivora. Hence the 
Hasal Eocene ereodonts and caimivores are closely allied to the living 
marsupials, the Middle Eoceiie less nearly so, and in the Oligocene 
and later formations the modern carnivore stamp becomes more 
a])])arent. 

The essentijil divergence of this view fi’om that generally accepted 
is in the nearer alliance implied between marsupials and placentals. 
In Wortman's view tln^ Carnivora, Creodonta, Insectivora, etc., arise 
each as a separate branch from the Cretaceous marsupials, which also 
persist little altered in the modern Polyprotodonts. If this be true, 
tlie modiM'n groups of placentals are not more nearly related to each 
other than they are to tln^ Folyprotodont inarsiq^ials, and their resem- 
blances are all due to ])arallclism. This view is onlv held conjecturally 
in the case of other groups, but is quite specifically stated in regard 
to C'rcodonts and true Carnivores. 

1 do not think, however, that the evidence, even as stated by 
Wortman. supj)orts tliis view, and (piite naturally he is inclined to 
lay mnphasis u]>on tln^ marsiipialoid features of the creodont skull. 
On the contrary, 1 think it is safe to say that if we set aside super- 
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ticial luid acla])tivo churacters, and rest principally upon deej)-seated 
rcvsemblanees such as are found in the characters of the )>ase of the 
skull, the dental and dorsoluinbar formuhe, etc., we find every known 
creodont very much nearer to the modern Carnivora than to the modern 
marsupials. On the other hand, the little that is known of Cretaceous 
marsupials bears distinctly the niarsui)ial stamp in every detail and 
does not show any essential approach to the early placentals. 



